A detailed analysis of orbital period changes of seven near-contact binary stars (NCBs) (BL And, V473 Cas, XZ CMi, BV Eri, RU Eri, UU Lyn and GR Tau) with period less than 1 d has been performed and their respective O-C diagrams are formed and discussed. It is found that all systems analysed show secular period decreasing. For V473 Cas, the analysis of the period change was performed based on data collected by Moschner, Frank & Bastian. For XZ CMi, its period shows some complex changes, a possible cyclic oscillation is discovered to superpose on the secular decrease that can be explained either by the presence of a third body or by magnetic activity cycles of the components. Since the third-body assumption is consistent with the photometric solution of Rafert, XZ CMi may be a truly triple system. For BV Eri, the period decrease is only supported by weak evidence. All the seven systems are short-period NCBs with AF-type primary components where both components are filling or nearly filling the critical Roche lobe. As the period decreases, the separation between both components will be reducing and thus these systems will evolve into A-type overcontact binaries. The period decrease may be caused by mass transfer or/and by angular momentum loss via magnetic braking.
References in Table 1 : (1) Kaluzny (1985) ; (2) Kholopov (1985) ; (3) Terrell et al. (1994) ; (4) Maradirossian & Giuricin (1981) ; (5) Baade et al. (1983) ; (6) Gu (2000); (7) Nakamura et al. (1984) ; (8) Yamasaki et al. (1983) ; (9) ; (10) Lázaro et al. (1995) .
GR Tau, are reported. Then a possible statistical correlation between the orbital period P and its rate of decrease dP/dt for NCBs is given. Finally the evolutionary states of the NCBs and a possible evolutionary link between NCBs and hotter overcontact binary systems (M 1 > 1.35 M ) are discussed. The general properties of the sample stars are shown in Table 1 .
O R B I TA L P E R I O D C H A N G E S F O R S O M E N C B s 2.1 BL Andromedae
The light variability of BL And was discovered by Hoffmeister (1943) . Photographic observations were published by Kljakotko (1951) and some times of light minimum were observed by Huth (1957) . The first photoelectric light curves in B and V were published by Vetesnik (1967) and the data were analysed by the same author with the method of Russell & Merrill. Those observations was later reanalysed by Kaluzny (1985) with the Wilson-Devinney method. It was shown that BL And is a marginal contact system where both components fill the critical Roche lobe but are not in thermal contact. Although epochs and orbital periods of BL And were given by several authors (e.g. Kljakotko 1951), it was neglected for period study. In order to see whether the orbital period is variable and to understand the properties of the period change, all available eclipse times are collected. 26 timings were tabular in the paper of Vetesnik (1967) , and 49 times of light minimum were compiled at Eclipsing Binaries Minima Database (EBMD) (available at http://www.oa.uj.edu.pl/ktt/krttk dn.html). After those collections, one charge-coupled device (CCD) timing and two photoelectric times of light minimum have been published by Nelson (2001) and by Agerer & Hubscher (2001a) . The O-C curve based on Kljakotko's linear ephemeris,
is displayed in Fig. 1 . Although the O-C values of visual or photographic data show large scatter (up to 0.018 d), the general O-C trend suggests that the period of BL And is decreasing. Assigning weights 1 to visual or photographic data and 8 to photoelectric or CCD observations, a least-squares solution yields the following quadratic ephemeris with mean error for each term: From the quadratic term, a period decrease rate of dP/dt = −2.63× 10 −8 d yr −1 is determined.
V473 Cassiopeiae
The light variation of the short-period binary star, V473 Cas, was also detected by Hoffmeister (1964) . After its detection, photographic observations were obtained by Gessner & Meinunger (1973) , who classified the system as an eclipsing binary with a photographic magnitude range as 13.4-14.0. The first complete CCD light curve was published by Moschner, Frank & Bastian (1999) . Their data showed that the light variation of V473 Cas belongs to β Lyr type. All published times of light minimum of V473 Cas were collected by Moschner et al. (1999) who derived the following linear ephemeris:
They pointed out that the period of the binary star is variable. Based on all O-C values (displayed in Fig. 2 ) computed by Moschner et al. (1999) , a weighted least-squares solution with the same weights as those applied to BL And leads to the quadratic elements:
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and a period decrease rate of dP/dt = −6.88 × 10 −8 d yr −1 .
XZ Canis Minoris
Hoffmeister (1934) discovered the light variability of XZ CMi (BD +4
• 1850) and Lause (1938) obtained light elements and a visual light curve for the eclipsing binary star. The first photoelectric light curves in B and V were published by Wilson (1966) who pointed out that a satisfactory Russell model solution was very difficult to derive without a large amount of third light (at least 25 per cent of the total system light). Wilson's data were later analysed with the modern light-synthesis method by several authors (e.g. Mardirossian & Giuricin 1981; Terrell & Wilson 1990; Rafert 1990 ). The solutions of Rafert (1990) with the Wilson-Devinney method indicated a large amount of third light with l 3 = 0.17±0.03 for the V light curve and l 3 = 0.11 ± 0.04 for the B light curve in units of total flux of the system, while Terrell & Wilson (1990) derived a good fit without third light. However, as pointed out by Rafert (1990) , the Terrell & Wilson attempt to assess the need for third light was made in 'later runs' and their solution is therefore probably less reliable. Terrell, Gunn & Kaiser (1994) published new light curves and a solution of their data. Their solution does not indicate the presence of third light. It is shown that XZ CMi is a NCB with the secondary component filling its critical Roche lobe. The near-contact configuration and the possible presence of a third body both made XZ CMi a very interesting system to study. Wilson (1966) collected 20 times of light minimum and displayed an O-C diagram. After his compilation, 94 timings were collected at the EBMD and one photoelectric timing was published by Ogloza et al. (2000) . The (O-C) 1 value of those eclipse times is calculated with the following light elements given by Wilson (1966) :
The corresponding (O-C) 1 curve are shown in Fig. 3 . As displayed in this figure, the orbital period is changeable. Assuming a secular period decrease, and with the same weights as those used for BL And and V473 Cas, a least-squares solution yields the following parabolic ephemeris: 
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and a rate of decrease in the orbital period dP/dt = −3.40 × 10 2 values] of all photoelectric and CCD data, from the parabolic ephemeris, are calculated and are listed in Table 2 . The corresponding (O-C) 2 diagram is shown in Fig. 4 where a periodic change may exist. This implies that apart from the long-time decrease in the orbital period, there is a possible periodic component to superpose on it. With least-squares method, the following equation is obtained:
which can yield a best fit to the residuals (solid line in Fig. 4 ). This formula clearly suggests a periodic variation with a semi-amplitude of 0.0051 d and a period of 30.5 yr. If the periodic change is caused by the presence of a third body, then by considering a total mass of 3.0 M , the orbital parameters of the assumed body for several different values of i are listed in Table 3 . On the other hand, XZ CMi contains an F0 primary star and a cooler secondary star. 
The cyclic change may be caused by the variation of the gravitational quadruple momentum via the cyclic magnetic activity of the components.
BV Eridani
The eclipsing variable BV Eri was discovered by Hoffmeister (1933) . Later, the first photoelectric light curves were obtained by Baade et al. (1979) . In 1983, the same authors published the first radial velocity curve and reported the absolute parameters of the system (Baade et al. 1983) . Recently, BV Eri has been observed photoelectrically by Gu et al. (1994) , they collected all available times of light minimum and gave a revised ephemeris. After the compilation of Gu et al. new photoelectric timings were published by Agerer & Heubscher (1996 , 1999 . By using the ephemeris obtained by Gu et al. (1994) :
the O-C values of these timings are computed. The corresponding O-C curve is displayed in Fig. 5 . As shown in the figure, the orbital period of the system is variable. With the same weights as those used for BL And, V473 Cas, and XZ CMi, a least-squares solution leads to the following quadratic ephemeris: 
From this ephemeris, the period decrease rate is determined to be dP/dt = −2.76 × 10 −7 d yr −1 . However, since the O-C values, especially those of visual and photographic data, show large scatter, new times of light minimum are needed to check the present period change.
RU Eridani
The light variation of RU Eri was detected by H. S. Leavitt (Pickering 1907) and it was further observed by Zinner (1913) and Dugan, Piercel & Wood (1951) . The first photoelectric observations were obtained by Nakamura & Tanabe (1953) . The complete photoelectric light curves in B and V were carried out by Sarma & Sanwal (1981) and they determined the period of the system to be 0.63219951 d. The first radial velocity curve for the primary component was given by Nakamura, Yamasaki & Kitamura (1984) , and combined with the photometric solution based on Sarma & Sanwal's photoelectric observations, the absolute parameters of RU Eri are obtained. Their study shows that RU Eri is a nearcontact binary with both components almost filling their critical Roche Lobes.
The orbital period of the system has been studied by several authors. Nakamura & Tanabe (1953) suspected that the period is variable; however, the O-C curve formed by Sarma & Sanwal (1981) indicated no significant period changes. 56 times of light minimum published between 1912 to 1984 were collected by Nakamura et al. (1984) . They pointed out that the period is constant in this time interval. After the compilation of Nakamura et al. (1984) , many eclipse timings were compiled at the EBMD. In order to see the general behaviour of the change in the orbital period, the O-C values of those timings are calculated with the ephemeris of Sarma & Sanwal (1981) :
The O-C plot is displayed in Fig. 6 where circles refer to visual and photographic observations, and solid dots to photoelectric data. Although the O-C values, especially those of the visual and photographic data (up to 0 . d 03 as displayed in Fig. 6 ), show large scatter, a general trend in the O-C curve may exist. With the weighted least-squares method, the following ephemeris: HJD(min I ) = 2442359.3448 (7) 
is obtained. If only the photoelectric and CCD times of light minimum are used (listed in Table 4 ), we can obtain
which can give a good fit to the photoelectric timings (solid line in Fig. 7 ). The quadratic term corresponds to a period decrease rate of dP/dt = −1.05 × 10 −7 d yr −1 .
UU Lyncis
UU Lyn was detected to be an eclipsing binary by Geyer et al. (1955) from his photographic observations. Strohmeier, Knigge & Ott (1963a) published a complete photographic light curve and found the period of the system to be 0.468461 d. The spectral type was determined by Götz & Wenzel (1962) to be A4. The first photoelectric light curves and radial velocity curves were published by Yamasaki, Okazaki &Kitamura (1983) . They reported a spectral type of F3V for primary and K type for the secondary, and from the analysis of the photoelectric light curves and the radial velocity curve they determined the absolute parameter of the system. Their study showed that UU Lyn is a near-contact binary with both components almost filling their critical Roche Lobes. 
References in Table 6 : (1) Nakamura & Tanabe (1963) ; (2 In order to see the general trend in the change of the orbital period, all published times of light minimum are analysed. 50 visual and photographic minimum times have been collected at the EBMD and two photoelectric times of light minimum were published by Yamasaki et al. (1983) and by Van Cauteren & Vils (2000) . With the following ephemeris determined by Flin (1981) :
the O-C values of these times of light minimum are calculated and are displayed in Fig. 8 . Although showing large scatter, a general trend in the O-C curve is apparent and the least-squares solution leads to the quadratic ephemeris:
From this ephemeris, the rate of decrease in the orbital period is determined to be: dP/dt = −1.01 × 10 −7 d yr −1 .
GR Tauri
The variable star, GR Tau (BD +20 • 0685), was discovered as an eclipsing binary by Strohmeier, Knigge & Ott (1963b) . The first 
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photoelectric light curves and the radial velocity curves were published by who reported a spectral type of A5V and a revised period of P = 0 . d 429298525. From the analysis of their photoelectric observations they determined the first photometric elements of the system. Later, photoelectric observations of GR Tau were published by many authors (e.g. Faulkner 1986; Hanzl 1990 Hanzl , 1991 Wunder et al. 1992; Mullis and Faulkner 1991; Fang et al. 1994; Lázaro et al. 1995; Agerer & Heubscher 1996 , 1999b , 2001b Agerer, Dahm & Hubscher 2001) and one can find many times of light minimum in these literatures. Recently, a detail photometric study by Lázaro et al. (1995) with the W-D method has shown that GR Tau is a near-contact binary with the secondary component filling its critical Roche Lobe.
The period of GR Tau has been reported to be variable by Fang et al. (1994) . With all the published photoelectric timings collected from the aforementioned literature, the following revised ephemeris:
is obtained. The residuals of all times of light minimum from this ephemeris are calculated and are plotted in Fig. 9 where open circles refer to visual and photographic data and dots denote photoelectric observations. Since the O-C values of the visual and photographic timings show large scatter, starting from the first photoelectric timing, only the photoelectric and CCD data are displayed in this figure and are used for present period study. Although they display large scatter, a general trend in the O-C curve may exist. With weight 1 to visual and photographic observations, weights 3 and 8 to secondary and primary times of light minimum observed with photoelectric method, the quadratic ephemeris:
is determined. The quadratic term of this quadratic ephemeris corresponds to a period decrease rate of dP/dt = −4.23×10 −8 d yr −1 . If only the photoelectric times of light minimum are used, and with the same weights as used before for the secondary and the primary eclipse times, the following quadratic ephemeris is derived:
Figure 9. O-C curve of GR Tau. Starting from the first photoelectric minimum, only photoelectric data are plotted. The coefficient of the ephemeris indicates a period decrease of dP/dt = − 8.06 × 10 −8 d yr −1 which is the same order as that derived by using all data. As shown in Fig. 10 , this ephemeris can give a good description to the photoelectric timings (solid line in Fig. 10 ).
D I S C U S S I O N S A N D C O N C L U S I O N S
The orbital periods of 7 AF-type short-period NCBs are studied based on the analysis of their O-C observations. The secular period decreases of all systems are discovered and the decrease rate of each system is determined. This kind of change in the period is very typical for some NCBs, other example such as CN And (Samec et al. 1998a) , FT Lup (Lipari & Sisteró 1986) , RT Scl (Duerbeek & Karimie 1979) , AK CMi (Samec, McDermith & Carrigan 1995) , V1010 Oph (Lipari & Sisteró 1987) , AG Phe (Cerruti 1994) , and others also show such kind of period variation. The period of XZ CMi shows some complex variations, a possible periodic change is found to superpose on the long-time decrease. The periodic variation can be explained either by the light-time effect via the presence of an assumed third body or by the variation of the gravitational quadruple momentum via magnetic activity cycles of the cool components.
By the analysis of the photoelectric data with Russell model, a large amount of third light in XZ CMi was proposed by Wilson (1966) and was later confirmed by Rafert (1990) with the WilsonDevinney method. Those results suggest that XZ CMi may be a truly triple system, which is in agreement with the period change of the system. In Section 2.3, orbital parameters of the third body are determined and are shown in Table 3 . Rafter's photometric solution showed that the amount of third light is l 3 = 0.17 ± 0.03 for the V light curve and l 3 = 0.11 ± 0.04 for the B light curve in units of total flux of the system. If the third body is a main-sequence star, the parameters listed in Table 3 indicate that the orbital inclination of the third body should be very small (i < 15
• ), which is much smaller than that of the eclipsing pair (i = 81 .
• 8). If this is in the case, we can conclude that the third body is captured by the eclipsing binary star. The triple system is not like planetary systems (and galaxies) as formed by contracting spinning gaseous clouds. The situation of XZ CMi is the same as that of the Algol-type eclipsing binary system S Equ (Qian & Zhu 2002a) . However, as that discussed by Qian & et al. (1989) Zhu (2002a), third light may be the result of a numerical artefact in the solution of W-D code, since it is usually strongly correlated with many parameters. To check the presence of the third body, new photometric and spectroscopic observations and a careful analysis of those data are required. The rates of the period decrease (dP/dt) of the present studied systems are listed in the fourth column of Table 5 . Also shown in the same column are the period decrease rates for other NCBs collected from literatures, which are listed in the order of orbital period increasing. Of the 21 sample stars, the range of orbital period is from 0 . d 34 to 0 . d 91 with a mean value at 0 . d 57. Those listed in the second column of this table are the mass ratio of the sample stars. No photometric and spectroscopic studies of V473 Cas were published. The mass ratio of VW Boo was given by Rainger, Bell & Hilditch (1990) , and those of BE Cep, GR Tau, CN And, UU Lyn, FT Lup, BV Eri, RT Scl, AK CMi, XZ CMi, BO Peg, RS Ind, RU Eri, BF Vir, V1010 OPh, AV Hya, BL And, AG Phe, V388 Cyg and TT Her were from Samec et al. (1999) , Lázaro et al. (1995) , Van Hamme et al. (2001) , Yamasaki et al. (1983) , Lipari & Sisteró (1986) , Gu (1999) , Hilditch & King (1986) , Samec et al. (1998b , Yamasaki & Okazaki (1986) , Marton et al. (1990) , Nakamura et al. (1984) , Russo & Sollazzo (1981) , Leung & Wilson (1977) , Qian et al. (2000) , Kaluzny (1985) , Cerruti (1996) , Young et al. (2001) and Milano et al. (1989) , respectively.
The sample stars can be divided into four groups: (1) semidetached systems (e.g. RT Scl, V388 Cyg, and TT Her) that have their primary components filling the critical Roche lobe; (2) semidetached ones with lobe-filling secondary components (e.g. CN And, RS Ind, BF Vir and AV Hya); (3) systems with both components nearly close to the critical Roche lobe (e.g. RU Eri and UU Lun); and (4) the remaining group with both components in marginal contact (e.g. VW Boo, FT Lup and BL And). However, it should be noted here that for some NCBs their configurations are difficult to determined exactly. A given system can be divided into several groups and different investigators usually obtain different configurations even by using the same data. This may be caused by the photometric disturbances and asymmetries on the light curve via mass and energy transfer between the components.
The dP/dt of the NCBs are displayed graphically against P in Fig. 11 where diamonds refer to systems [usually members of groups (1) and (4)] that displayed evidence for primary to secondary mass transfer (PSMT), which is indicated by a primary-filling configuration or by a hotspot on the secondary, and solid dots refer to other systems. For systems belonging to groups (2) and (3), the period decrease may not be reasonably explained by mass transfer between the components. The primary components of the NCBs are usually A-and F-type, while the secondary ones are G-or K-type cool stars. The period decreasing may result from angular momentum loss (AML) via magnetic braking. It is shown from Fig. 11 that the dP/dt of NCBs with PSMT are usually larger than those of the other systems. This indicates that apart from AML, PSMT in these systems also contributes to the period decrease. For overcontact binary systems, the studies of Qian (2001a,b) have shown that mass ratio is a key variable for orbital period change. The parameters listed in Table 5 indicate that there is no significant correlation between the mass ratio and the period change for NCBs.
Two evolutionary paths to overcontact binaries were discussed by . One was from detached system directly evolving into initially shallow overcontact and the other was via a case A mass transfer to semidetached, then to overcontact systems. The components of the NCBs listed in Table 5 are main-sequence stars. They may be the results of a Case A evolution in which a magnetic stellar wind has resulted in drastic AML. The secular period decreases of the NCBs indicates that the AML is continuous, and a overcontact configuration would seem inevitable. Thus the present sample stars may evolve into overcontact binaries via the second path of . As the orbital period is decreasing, the shrinking of the critical Roche lobe can cause the formation of a common convective envelope (CCE). Once the CCE is formed, these NCBs become to overcontact binary stars where both components share the CCE with its nearly uniform surface brightness resulting from energy transfer between the two stars and thus the systems display EW-type light curve. Therefore, these NCBs are at the beginning of the overcontact phase. They are very important source for understanding the formation of CCE and for studying the dynamical evolution of close binary star.
As shown in Fig. 11 , a possible statistical correlation between orbital period P and its rate of decrease dP/dt may exist. With the least-squares method, the equation dP/dt = −5.3(±1.4) × 10 −7 × P + 1.3(±0.7) × 10
is obtained where P is in unit of d and dP/dt in 10 −7 d yr −1 . The equation tell us that the smaller P is, the lower dP/dt will be. The general trend of the correlation may indicate that once the NCBs are evolved into overcontact binary systems the periods will increase. Recently, the period changes of 22 A-and F-type overcontact binaries (M 1 > 1.35 M ) have been investigated by Qian (2001b) . It is shown that, apart from the AW UMa with the shortest q(q ∼ 0.072), the periods of the others are increasing. The correlation found in this paper leads one to speculate that there may be a smooth transition from A-and F-type NCBs that have period decreases to the A-and F-type overcontact binary stars with period increases, and in that sense one may postulate that the NCBs may be the progenitors of the A-type W UMa systems.
To explain the period variations of W UMa-type overcontact binary systems, an evolutionary scheme was proposed by Qian (2001a) . The scheme assumed that the change of the depth of overcontact can cause the variation of magnetic activity that changes the AML rate (see also Vilhu 1981 and Smith 1984) . This model predicted that cooler overcontact binaries (M 1 < 1.35 M ) will oscillate around a critical mass ratio because a period increase can cause a decrease of depth of overcontact and result in a rather higher AML rate, and finally the period will decrease again. For the hotter overcontact binary systems (M 1 > 1.35 M ), since the AML rate is lower, a period-increasing system is expected. Once overcontact is broken, an NCB will be formed and the system will oscillate around a marginal-contact state as predicted by TRO (Lucy 1976; Flannery 1976; Robertson & Eggleton 1977) .
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